then be estimated as = × Avogadro's number [S1] where is the measured molar ion concentration and represents the cell volume, calculated from the radii of cells measured by light microscopy. Interestingly, as shown in Fig. S2 , although the cell size and concentration levels of intracellular K + and Na + all vary during electro-osmotic manipulation, the total numbers of these two ion species inside the cell remain more or less unchanged. Cell radii shown in (A) were based on measurements on 30 cells ( < 0.05), while a total of 4000 cells (in two separated trials) were examined by flow cytometry to render the results given in (B) and (C) with < 0.01.
C. Measuring the cross-membrane potential difference
It is well-known that the phenomenon of ionic shielding will take place around electrodes immersed in electrolytic medium. As such, the potential difference across the Nafion membrane is expected to be different from the applied voltage. To address this issue, the electric potential (with respect to a reference ground value) at different separation distance from the membrane was directly measured by a Reference Electrode (INSESA Instrument) in our experiments. As illustrated in Fig. S3 , the potential drop becomes more or less constant at locations more than ~0.5 cm away from the membrane. We took this value as the effective cross-membrane potential difference, i.e. Φ 0 , in Eq.
[1]. After curing the mixture in a 65 ºC oven for 4 hours, the PDMS was peeled off from the wafer and cut into small pieces of chips with a blade and holes were punched with a pan needle. The PDMS replica was cleaned by adhesive taper and sonicated in ethanol for 1 min. Finally, the PDMS replica and cover glass (170 μm, Deckglaser)
were treated with O2 plasma for 2 min at 300 mTorr separately and bonded together.
To maintain the hydrophilicity, the bonded chip was stored in DI water.
In our experiment, after trypsinization, cells were loaded into the channel where the cell length (i.e. distance between two poles) is measured optically. 15 cells were measured and a statistical confidence level of no less than 97% by t-test was achieved.
As a control experiment, the size and intracellular content of K562 cells cultured in the chamber of our setup without any voltage applied were also monitored. As shown in Fig. S4 , no apparent change in the cellular volume was detected. In addition, the total numbers of intracellular potassium and sodium ions also remain unchanged.
These evidence indicate that cells did not change their state during the manipulation. 
F. Cell viability analysis.
Cells were washed with PBS and stained with Propidium Iodide (PI, Sigma, 10µg/ mL). Triplicated experiments were performed and 20,000 cells were analyzed by flow cytometry to estimate the death percentage among them.
G. ELISA assays for protein quantification.
The concentrations of AQP1, AQP2 and AQP4 proteins were quantified by the standard ELISA kits (Abnova). Specifically, cell samples were lyzed with Cell Extraction Buffer (Novex) and centrifuged to remove solid particulates. 100uL of concentration standardized AQPs proteins, including AQP1, AQP2 and AQP4
(Abnova), and lysed cell samples were loaded on each well of the assay plate pre-coated with antibodies that specifically recognize each corresponding AQP protein (Abnova). After that, 100µL of Avidin-HRP (Abnova) is added to each microplate well and incubated to yield a protein-conjugated complex as a substrate for labeling. Then, 90µL of TMB substrate solution was also added for labelling. The enzyme-substrate reaction was terminated by the addition of 50μL sulphuric acid solution and hence the color change. The protein concentration is proportional to the optical density present in the sample, which can be calculated from the calibrated curves obtained by examining standard AQP samples with spectrophotometry at a wavelength of 450 nm (Fig. S5) . 
H. qPCR for RNA expression determination.
Total RNA was extracted using the RNeasy Micro Kit (Qiagen) and on-column DNase I digestion was performed following the manufacturer's instruction. Next, total RNA was eluted in 14 µL RNase-free water and the RNA concentration was determined by Qubit® RNA Assay Kit by Qubit® Fluorometer (Life technologies).
cDNA was synthesized from 500ng of total RNA in a total volume of 100 µL using SuperScript III Reverse Transcriptase (Life technologies).
After that, RT-qPCR was carried out using QuantiFast Probe PCR Kit (Qiagen) and an The cell culture was maintained to achieve >90% cell viability. The dead cells were labeled by Trypan blue labeling and counted by hemocytometry.
K. Osmolarity manipulation experiment by microfluidic mixer
To make sure that the appearance of the electric field does not interfere with the functioning of ion channels and hence influence our conclusion, we have conducted an additional experiment where a microfludic mixer was used to add sucrose to the culture medium. Specifically, the cell culture chamber was connected with a syringe pump (LongerPump) and a microfluidic controller (LongerPump) in this case. confocal dish (Nunc). As such, the effective increase in the medium osmolarity, C increase , at the end of perfusion can be calculated as
where C 0 is the initial concentration of sucrose (1M), is the perfusion rate, is the perfusion time and 0 is the initial volume of the medium inside the chamber (2 mL). Given that the sucrose solution was pumped into the culture chamber for 30 minutes, the total increase in the extracellular osmolarity is estimated to be 133.8 mM, 235.2 mM and 380.8 mM (corresponding to a perfusion rate of 10.3 µL /min, 20.5µL/min and 41.0µL/min) respectively. Interestingly, similar decrease in the volume of K562 cells (compared to that shown in Fig. 2 ) was observed, refer to Fig.   S6B -C. Furthermore, despite some fluctuations, no apparent change in the total number of intracellular Na + and K + was detected during this process ( Fig. S6E and   S6G ), further confirming the notion that no cross-membrane ion exchange will be triggered by a gradually varied extracellular osmolarity. 
